Low index structure potentials of silicon were determined by convergent beam electron diffraction (Kossel-Möllenstedt technique) from very small crystal areas of about 100 Ä in diameter. The values of 111, 222, 220, 113 and 004, determined to an accuracy of ±0.03 volts, are in excellent agreement with the accurate X-ray results of Aldred and Hart (see [6] , p. 239). Heavy arsenic or phosphorous doping was found to cause a shift of 0.15 volts in the 111 structure potential. Absorption potentials were also determined and found to be 1/3 of the theoretical values published by Radi [20].
Introduction
Convergent beam electron diffraction tedinique developed by Kossel and Möllenstedt allows one to obtain information over an area of reciprocal space. This tedinique has recently been found to be a powerful tool in structure analysis work (see. e. g. [1 -3] ). The analysis of the diffraction pattern is done by means of the dynamical theory (following Bethe [4] or Cowley and Moodie [5] ) using computer methods. In addition to information on crystal symmetry, low index structure amplitudes can be determined with an accuracy of better than \%. The low index structure amplitudes contain information on the interatomic electron density distribution, i. e. the distribution of the bonding electrons.
The reliability of the convergent beam tedinique can be shown by comparison of the structure amplitudes, determined by electron diffraction, with the very accurate X-ray data obtained by Aldred and Hart [6] . In their investigation dynamical effects were used to determine structure amplitudes. The high accuracy they achieved was only possible because of the fact that silicon is available as large dislocation-free single crystals of several millimeter length.
In the present work, the structure amplitudes were The purpose of our work was therefore twofold. Low index structure potentials were determined from lightly doped silicon and compared with previousX-ray measurements. Measurements were then made on heavily doped silicon to determine whether the tedinique was sensitive to variations in dopant concentration. In the present work we consider both the effect of non-systematic interactions and absorption, which were not included in a prior investigation [7] . 
Theory

Contamination
The specimen contamination, which occurs when working with a small electron probe under normal high vacuum conditions, could be avoided by a combination of special treatments with a cooled anticontamination shield surrounding the specimen. The method for reducing the contamination was described earlier [14] . It was found that a predomination of the specimen with the widely opened convergent electron beam was the most effective treatment. The widely opened convergent beam is obtained by pulling out the aperture in front of the objective lens. Under this condition a specimen area of 10 -20 u diameter, depending on the spherical aberration of the lens, is irradiated by the electrons. After two minutes the aperture is inserted again to obtain the Kossel-Möllenstedt pattern, which now can be observed for 60 -75 sec. without any remarkable contamination. After this period the contamination starts immediately. However, if one repeats the pre-illumination just before the end of this period no contamination occurs and after 1 minute again a contamination-free period can be used. This "interval technique" can be continued as long as necessary to investigate a small specimen area of about 100 Ä in diameter under normal high vacuum conditions without any distortion by contamination. 
Determination of the Inelastic Background
The intensity distribution in Fig. 4 a consists of the intensity due to both elastic and inelastic scattering. The inelastic background has to be subtracted from the densitometer record to obtain the elastic diffraction intensities which can be compared with the calculations. To determine the background densitometer traces were taken along a maximum potential Vin for heavily doped silicon at room temperature is compared with the value for the pure specimen. As mentioned above it was not possible to investigate a heavily boron-doped silicon crystal, since the uneven etching made it impossible to find sufficiently large (100 Ä) areas of uniform thickness.
The parameters of the absorption potential were determined consistently for all investigated speci- The mean absorption potential was determined by measuring the intensity of the incident electron beam with a Faraday cup, the intensity distribution Table 1 . This value had to be always negative, independent of the position of the zero point of the atomic lattice, which means the sign of the other structure potentials. This leads to a positive x-ray structure factor Fo>2>0 which is clue to the bonding electrons.
In Table 3 In Table 4 Ave compare our results with electron diffraction measurements of other authors. The agreement is reasonably good, supporting the reliability of the electron diffraction method. As During the analysis it was found that the accuracy for determining the structure potentials depends on the crystal thickness. For thicknesses, where the intensity of the reflection is very small due to "Pendellösung" effects, i. e. thicknesses approximately equal to (n + 1/2) of the extinction length (n = 0, 1, 2,...), the calculated intensity profile is most sensitive to the structure potential. In this case the background can be determined with high accuracy. In this thickness region the reflection intensity is also very sensitive to the thickness. The strong dependence of intensity on thickness has been used in the electron microscope to obtain images of atomic steps on single crystal surfaces [19] . In the convergent beam experiment the crystal thickness is determined from the intensity distribution in the weak Kossel-Möllenstedt reflections within an accuracy of a lattice constant, which means 4 -5 Ä. Thus the structure potentials can be determined at an appropriate thickness with very high accuracy.
The mean absorption was determined by measuring the current of the incident electron beam and the current density distribution in the diffracted beams taking into consideration the crystal thickness. The absorption potentials were calculated from relation (3) using the parameters B and C. The results are shown in Table 5 together with other experimental data and the theoretical values due to Radi [20] . The present values, which are very reliable, are very small and about 1/3 of the theoretical values.
Summary
By the convergent beam electron diffraction technique low-indexed structure potentials can be determined with high accuracy from very small crystal areas of the order of 100 Ä in diameter. Problems due to an inelastic background in the diffraction pattern as well as the specimen contamination could be overcome. An influence of doping on the Ill-structure potential of silicon was found. The accurate determination of crystal thickness of the order of 4 Ä allowed the determination of the mean absorption potential. To achieve high accuracy in 
